In the framework of the international project aimed a t the sequencing of the Bacillus subtilis genome, five DNA fragments in the region between rrnB (275") and pai (284") were cloned by inverse and combinatorial long-range PCR and their nucleotide sequences were determined and analysed. Together these sequences constituted a contig of 62229 bp. On the basis of the position of Not1 and Sfil restriction sites, the orientation and order of known genetic markers was determined to be pai (284") -degQ comQ comP comAA comABpbpD -kapB kinB patB -mcpB tlpA mcpA tlpB -rrnB (275"). Fifty-four ORFs were detected. Thirteen of these coincided with known B. subtilis genes, and 41 new ORFs were found. Of the predicted new gene products, 12 showed no significant similarity to other known proteins, whereas ten showed strong similarity to proteins of other organisms with unknown function. Nineteen predicted proteins showed strong similarity to known proteins of other organisms, for instance a Na+/H+ antiporter system of Bacillus alcalophilus, a sugar transport system found in Mycoplasma genitalium, NADH-dependent butanol dehydrogenase of Clostridium acetobutylicum, glucose-6-phosphate isomerase A of B. subtilis, exo-I ,&a-glucosidase activity of Bacillus stearothermophilus and L-rhamnose isomerase of Escherichia coli.
INTRODUCTION
Within the framework of the international consortium sequencing the Bacillus subtilis genome, we are responsible for the sequencing of the chromosomal region between rrnB (275") and pai (284") (Kunst et al., 1995) . According to the genetic map of B. subtilis published previously (Anagnostopoulos et al., 1993 ; Biaudet et al., 1996) and the SubtiList database (Moszer et al., 1995) , this area of the B. subtilis genome contains several genes and DNA contigs that have been published. At 276", a 2105 bp DNA sequence was found (Anagnostopoulos et al., 1993) containing the degA gene (Bussey & Switzer, 1993) . However, sequencing and analysis of a 10 kb DNA segment generated by inverse long-range PCR and containing the degA gene revealed that this genetic marker is actually located at 99" on the genetic map (see also Biaudet et al., 1996) . Therefore, this information was not further used for this study. At 277" or at 280' (dependent on the genetic map used) a contig of 3771 bp was mapped containing the patB, k i d and kapB genes (Trach & Hoch, 1993) . At 279" a contig of 7269 bp was mapped containing the yuxH, degQ, comQ, comP, c o m A A and comAB genes (Weinrauch et al., 1989 (Weinrauch et al., ,1990 (Weinrauch et al., , 1991 Yang et al., 1986) . Also at 279" or at 281", an 8877 bp region was mapped containing the mcpB, tlpA, m c p A and tlpB genes (Hanlon & Ordal, 1994) . Furthermore, at 279" or at 281' a region of 1709 bp was mapped encoding the ald gene (Siranosian et al., 1993) .
Finally, at 280" a contig of 3414 bp was sequenced containing the partial gene yuxJ, and the pbpD and yuxK genes (Popham & Setlow, 1994 (Miller, 1972) .
Cloning of DNA and PCR techniques. All basic recombinant DNA procedures, like, for instance, isolation and purification of chromosomal DNA and plasmid DNA, restriction enzyme digestion, agarose electrophoresis, ligation of DNA and bacterial transformation were carried out essentially as described by Sambrook et al. (1989) .
For long-range PCR experiments the Expand Long Template PCR system (Boehringer Mannheim) or the GeneAmp XL PCR kit (Perkin Elmer) was used. Based on the nucleotide sequence of known genes in the region to be sequenced, primers of 22 or 23 nucleotides (T, -66°C) were prepared.
For direct combinatorial PCR experiments (Sorokin et al., 1996) chromosomal DNA of B. subtilis was purified and used with the appropriate primers. For inverse PCR experiments chromosomal DNA was digested to completion with appropriate restriction enzymes not cutting in the known sequence. After dilution of the digestion mixture, DNA fragments were circularised by ligation. This ligation mixture was then used with the appropriate primers in long-range PCR experiments. In all cases, ten independent PCR runs were carried out. The resulting products of all ten PCR runs were then mixed, the DNA fragment was purified and the ends of the fragment were sequenced using the PCR primers.
DNA sequencing. For sequencing of DNA a random sequencing strategy was used. Some of the DNA fragments to be sequenced were sonicated and fragments between 500 and 1000 bp in length were purified and treated with Klenow enzyme and T 4 DNA polymerase. Blunt-ended fragments were then inserted into the SmaI site of pUC18 or pUC19 and amplified in E . coli XL-1 Blue cells. In an alternative approach, other DNA fragments were partially digested with Sau3A1, AluI or RsaI and DNA fragments between 500 and 1500 bp in length were purified and cloned in M13mp18 or in M13mp19. Over 600 clones were selected and sequenced, at least 10 clones for each kb of DNA. Single stranded DNA was isolated and sequenced with a DNA sequencer (model 373A, Perkin Elmer/Applied Biosystems) using a Taq Dye Primer Cycle Sequencing kit (Perkin Elmer/Applied Biosystems). Doublestranded DNA and PCR products were sequenced by using custom made sequencing primers and the Taq Dye Terminator
Cycle Sequencing kit (Applied Biosystems) . Each strand was sequenced at least twice. Synthesized oligonucleotide primers and the cycle sequencing protocol were used on the original long-range PCR fragments to complete the sequence. Regions of uncertainty were re-sequenced in both directions. The overall redundancy was 6-8.
Computer analysis. The following programs and packages were used for analysis and alignment of DNA sequences : GENEWORKS 2.3, DNA Strider 1.0, SEQUENCER 2.1 and the GCG package. Putative gene products were searched for similarity to sequences reported previously in non-redundant protein databases (NCBI BLASTX Search (http ://www.ncbi.nlm.nih.gov; see also Gish & States, 1993; Altschul et al., 1990) .
RESULTS AND DISCUSSION
Five different DNA fragments were obtained in the region between 275" and 284" (Fig. 1) . First a 5 kb inverse PCR fragment was obtained that extended the 7269 bp comQPA region. Following sequencing of this fragment, combinatorial PCR experiments yielded three DNA products. A 4 kb fragment connected the 3414 bp p6pD contig to the 3771 bp kin-pat-kap region. A 14 kb DNA fragment connected the extended corn region to the p6pD contig, and a 16 kb DNA segment connected the kin-pat-kap contig to the 8877 bp mcp-tlp contig. Finally, a 6 kb inverse PCR fragment was obtained that extended the mcp-tlp region.
The nucleotide sequence of the PCR-generated DNA fragments was determined. The obtained sequences and the known sequences were aligned and formed a large contig of 62229 bp. Combinatorial PCR experiments were then carried out to connect this 62 kb contig to the rrnB region at 275", the pai marker at 284", or to the ald region at 279". However, these PCR experiments did not yield any product. This suggested that the size of the gaps between the 62 kb contig and the other region in this area is at least 20 kb, and that the ald marker may be outside the region.
Based on the PCR results and the sequence analysis of the 62 kb contig the order of the known genetic markers in the 275-284' region can be determined. In contrast to the data published before (SubtiList database ; Anagnostopoulos et al., 1993) the following order was found: -degQ comQ comP comAA comAB -p6pD -kapB kinB patB -mcpB tlpA mcpA tlpB -(see also Fig.  2 ). The 62 kb contig contains two NotI restriction sites, one at 5513 bp in the comQPA region and one at 40318 bp in yug0 (Fig. 2) . These sites correspond to the NotI sites at 3249 kb and 3222 kb, respectively, as published in the physical map of Itaya & Tanaka (1991) .
Furthermore, the 62 kb fragment contains one Sfl restriction site in yufQ at 15670 bp, corresponding to the Sfl at 3240kb in the physical map of Itaya & Tanaka (1991) . Based on the position of these restriction enzyme sites and the published NotI and Sfl restriction map of B. subtilis (Anagnostopoulos et al., 1993) , the orientation of the 62 kb contig could be deduced. The corn region is near the pai marker at 284", whereas the mcp-tlp region is closer to rrnB at 275" (Fig. 1) . The 62 kb contig spans about 5.4' of the chromosome and is most probably located between 277' and 282.5'.
The sequences obtained were analysed for the location of ORFs (Figs 1 and 2 , Table 1 ). In total, 54 ORFs were detected, starting from ATG, GTG or TTG and preceded by a putative RBS (Fig. 2 and Table 1 ). The predicted genes were designated according to the rules agreed upon by the international consortium sequencing the B. subtilis genome. The initiation codon for 44 ORFs is ATG, eight ORFs start with a GTG codon, and two ORFs start with TTG. All these putative genes had reasonable to good RBSs complementary to the 3' end of 16s rRNA of B. subtilis, which is 3'-UCUUUCCUCC-ACUAG (McLaughlin et al., 1981) , except for yufr, y u m , yufK, yugE, yugH and yugU, which showed rather poor similarity to the consensus RBS. These genes might be poorly expressed. About 876% of the DNA sequence encoded putative genes, whereas 12-4 '/O was non-coding. Relatively large non-coding regions are located between yufA and degQ (about 800 bp), yufC and yufD (about 500bp), y u m and yufM (about 500 bp), yugl and yugJ (about 520 bp) and yugU and yugV (about 520 bp). Of the 54 putative genes, 24 (45 YO )
were transcribed in the direction of the origin of replication, and 30 (55 %) were transcribed in the other direction.
The amino acid sequences of the newly discovered putative gene products were searched for similarity to sequences reported previously in non-redundant protein Table 2 . Twelve out of 41 predicted ORFs not published before showed no significant similarity to other known gene products. Ten other predicted ORFs showed significant homology to unknown or hypothetical proteins of various organisms. The function of these products remains to be studied. The putative gene product YufT showed strong similarity to a Na+/H+ antiporter system of Bacillus alcalophilus (Hamamoto et al., 1994) , as did YufV and YufU. These three gene products might constitute a transport system similar to that found in B. alcalophilus. YufP and YufO showed reasonable homology to a sugar transport system found in Mycoplasma genitalium (Fraser et af., 1995) . YugJ and YugK might constitute a NADH-dependent butanol dehydrogenase system as suggested by the high homology found to similar proteins in Clostridium acetobutylicum which show a similar gene organization (Walter et al., 1992) . A high homology score was also observed for YugL. Based on the homology of this protein to glucose-6-phosphate isomerase A of Bacillus stearothermophilus (Tao et al., 1989) , YugL might be glucose-6-phosphate isomerase A of B. subtilis. The YugT gene product showed very strong homology to exo-1,4-a-glucosidase of B. stearothermophilus (Takii et al., 1996) , which strongly suggests that YugT possesses similar enzymic activity. Finally, a strong homology was observed for YulE. This protein showed significant similarity to L-rhamnose isomerase of E. coli (Moralejo et al., 1993) and might therefore function in rhamnose metabolism in B. subtilis.
